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FLUORESCENCE-BASED DNA PREVIASE ASSAYS 

5 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is related to U.S. Provisional Application 60/473,034, filed May 23, 
10 2003. and U.S. Provisional Application 60/472,967, filed May 23. 2003. each of v/hich is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to methods for assaying DNA primase activity and 
IS methods for identifying compounds that modulate DNA primase activity. 

BACKGROUND 

DNA primase (primase) is an enzyme that catalyses the synthesis of short RNA 
primers on a DNA template during DNA replication (Prick et al., 2001, Aimu, Rev. 

20 Biochem., 70:39-80). At the DNA replication fork, the parent double-stranded DNA is 
unwound by helicase (DnaB). DNA primase (DnaG) uses the single-stranded DNA as a 
template and NTPs as substrates to synthesize RNA primers. These RNA primers are 
typically 10-12 nucleotides long, and are used by DNA polymerase to synthesize the 
complementary strand of the parent DNA. In vitro experiments have demonstrated that the 

25 primase activity is significantly stimulated by helicase (Lu et al., 1996, Proc. Natl. Acad. Sci. 
USA, 93:12902-12907). Helicase not only increases the primase-DNA binding affinity, but 
also stimulates primase catalytic activity (Johnson et aL^ 2000, Biochemistry, 39:736-744). 
The critical functions of primases in DNA replication processes make these enzymes 
attractive targets for therapeutic intervention in infectious disease and cancer. 

30 In the- area of infectious disease, primase presents an excellent antibiotic target for the 

development of antibiotic compounds and pharmaceuticals for a number of reasons: 1) 
primase plays key roles in DNA replication and is essential in all bacteria; 2) there are 
significant structural differences between mammalian and bacterial primases; and 3) three- 
dimensional (3-D) crystal structure information is available for many bacterial primases. 
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Assays of DNA piimase activity are important for the identification of compounds 
(hat modulate primase and that can be used for th^py. Assays of DNA primase activity 
have been described that are based upon ttie incorporation of detectably labeled nucleoside 
triphosphates into a polymerization product and/or immobilization and subsequent detection 
5 of a polymerization product (Johnson et ol., 2000, Biochem., 39:736-744; Eamshaw & Pope, 
2001, J. BiomoL Screen., 6:39-46; aang ei al, 2002, Anal. Biochem., 304:174-179; US 
Patent No. 6,043,038; US Patent No. 6.096,499; WO 98/59044). 

SUMMARY 

The present invention provides methods for assaying DNA primase activity 
comprising contacting a nucleic acid template, a DNA piimase, and ribonucleoside 
triphosphates, polymerizing the triphosphates to form KNA, and detecting the RNA with a 
fluorescent marker that binds RNA. 

The invention also provides methods for identifying compounds that modulate DNA 
primase activity comprising contacting a nucleic acid template, a DNA primase, and. 
ribonucleoside triphosphates, with a test compound, polymerizing the triphosphates to form 
RNA, binding a fluorescent marker to the RNA, and detecting a fluorescent signal, wherein a 
change in the. fluorescent signal in the presence of the compound as compared with the 
fluorescent signal in the absence of the compound indicates that the compoimd modulates 
DNA primase activity. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a line graph depictihg the linear relationship between the fluorescent signal 
and RNA concentration. 

Figure 2 is a line graph depicting linearity of primase activity (fluorescence) with 

IS time. 

Figure 3 is a line graph depicting linearity between the primase reaction rate and 
primase concentration. 

Figure 4 is a line graph depicting the effect of helicase concentration on primase 
activity. 

20 Figure S is a line graph depicting the effect of DNA template concentration on 

primase activity. 

Figure 6 is a line graph depicting the effect of NTP concentration on primase activity. 
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Figuie 7 is a line graph d^icting the effect of magnesium concentration on piimase 
activity. 

Figure 8 is a line graph depicting the effect of NaCl concentration on primase activity, 
in the presence and in the absence of NTPs. 

5 Figure 9 is a bar graph depicting the effect of salt composition on primase activity. 

NTP" represents the control in which no NTP is added. "+NTF* indicates that NTPs were 
added to the reaction. A, no additional salt was added; B» ammonium chloride; C, 
ammonium sulfate; D, sodium sulfate; potassiimi chloride; F, sodiimi acetate; G, calcium 

^ chloride. 

10 Figure 10 is a line graph depicting the effect of DMSO concentration on piimase 

activity. » 

Figure 1 1 is a plot depicting the effect of pH on primase activity. 

Figure 12 is a line graph depicting the effect of temperature on primase activity. 

Figure 13 is a bar graph depicting the effect of freeze-thaw cycles on primase (DnaG) 
15 and helicase (DnaB) activity. 

Figure 14 is a Une graph depicting the effect of storage conditions (on ice or at room 
temperature) on primase activity. 

figure 15 is a line graph depicting inhibition of primase activity by ddATP. 

Figure 16 is an image of a SYBR Green Il-stained gel of electrophoresed primase 
20 reaction productis. 

DETAILED DESCRIPTION 

The present invention provides methods for assaying the activity of DNA primases, 
and methods for screening for compounds that modulate the activity of DNA primases. The 

25 present invention is based in part upon our discovery that fluorescent markers can be 
effectively used to monitor DNA primase activity by detection of the RNA product. 

The assays of the present invention are based upon the interaction between RNA and 
a fluorescent reagent that gen^ates a fluorescent signal. We have found that that there is a 
linear relationship between the fluorescent signal and the concentration of RNA synttiesized 

30 by DNA primase even in the presence of ihp DNA template (Figure 1). Thus, it is not 
necessary to remove the template or to isolate the RNA product. This finding can be 
harnessed in assays of DNA primase activity, via the direct measurement of RNA formation, 
and in assays to identify compounds that modulate these enzymes. 
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Assays of the present inventioii exploit the feature that only the polymeiized 
polynucleotide product generates a fluorescent signal while the free (unincorporated) 
substrate NTPs do not. Therefore, the fluorescence-based assays of the present invention do 
not require additional procedures to separate the RNA product from the substrate NTPs. 
5 Assays of the present invention do not require the use of a solid phase or separation 
procedure, do not require coupling to enzymatic or inomunological reactions, and do not 
require any immobilization steps. Since the fluorescence-based assays of the present 
invCTtion do not depend on complicated inter-phase interactions or coupled protein functions, 
they provide highly specific measurement of DNA primase activity. 
10 Assays of the present invention are amenable to high-throughput screening (HTS) 

formats. 

RNA polymerases constitute a variety of enzymes having similar functions and 
properties, in particular, the ability to synthesize RNA. DNA primases represent a class of 
RNA polymerase. 

15 One aspect of the present invention relates to methods for assaying the activity of 

DNA primase. These assays can be used to track or monitor enzyme activity, to detect 
enzyme activity in a sample, and for the assessment of nucleic acid template quality or ability 
to support enzyme activity. 

The assays of DNA primase activity comprise combining a nucleic acid template, a 

20 DNA primase, and ribonucleoside triphosphates, imder conditions in which the RNA 
polymerase or DNA primase is catalytically active and polymerizes the triphosphates to form 
RNA. The RNA is contacted with a fluorescent marker that binds the RNA, and a fluorescent 
signal is detected. 

Another aspect of the present invention relates to methods for screening for 
25 modulators of DNA primase activity. The modulator screening assays comprise combining, 
in the presence and in the absence of a test compound, a nucleic acid template, a DNA 
primase, and ribonucleoside triphosphates under conditions in which the RNA polymerase or 
DNA primase is catalytically active and polymerizes the triphosphates to form RNA. The 
RNA is contacted with a fluorescent marker that binds RNA, and a fluorescent signal is 
30 detected. The fluorescent signal detected in the presence of the test compound is compared to 
the fluorescent signal detected in the absence of the test compound. A change or alteration in 
the fluorescent signal detected in the presence of the conq)Ound compared to the fluorescent 
signal detected in the absence of the compound is indicative of a compound that modulates 
DNA primase activity. 
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As used herein, the tenns '"modulate" or "modulates" in reference to DNA primase 
activity includes any measurable alteration, either an inhibition or enhancement, of DNA 
primase activity. 

Any DNA primase can be used in the assays of the present invention. Primases have 
5 been identified in prokaryotes, including bacteria, bacteriophage, eukaryotes, and eukaryotic 
viruses. 

Many bacterial primase nucleotide and amino acid sequences are known, including 
Bacillus subtilis (X03897), Clostridium acetobutylicum (Z23080), Escherichia coli (J01687), 
Haemophilus influenzae (LI 1044), Helicobacter pylori (AEO00S23), Lactococcus lactis 

10 0D1O168), Legionella pneumophila (U63641), Listeria monocytogenes (U13165), 
Myxococcus xanthus (U20669), Mycoplasm genitalium (U39703), Mycoplasma pneumoniae 
(1674174), Mycobacterium tuberculosis (Z83860), Pseudomonas putida (U85774), Rickettsia 
prowazekii (M95860), Salmonella typhimurium (M14427), Staphylococcus aureus 
(AB001896), Synechococcus elongatus (PCC7942), Cyanobacteria chroococcales CX94247), 

15 Synechocystis sp. (D90912), Cyanobacteria chroococcales OD90912). Additonal bacterial 
primases for which nucleotide and amino acid sequences are known include Aquifex aeolicus 
(AE000743), Bacillus stearothemiophilus (AF106033), Borrelia burgdorferi (AE001171), 
Buchnera aphidicola (P32000), Campylobacter jejuni (CAB73626), Chlamydia trachomatis 
(3329259), Chlamydophila pneumoniae (AE001674), Deinococcus radiodurans 

20 (AAF10180), Mycobacterium smegmatis (AF027507), Neisseria meningitidis (CAB84964), 
Streptomyces coelicolor A3(2) (CAB51551), Thermotoga maritima (AAD36520), Treponema 
paUidum C3322r7Sl). 

Bacteriophage primases for which nucleotide and amino acid sequences are known 
include, for example, T7 (gene 4 protein) (P03692), T3 (gene 4 protein) (P20315), P4 (a 

25 protein) (PRBPP4), and T4 (gene 41 protein) (ADD42502). 

Herpes simplex virus type 1 is the prototype for the herpesvirus family. UL5, UL8, 
and ULS2 proteins compose the heterotrimeric primase/helicase enzyme from this virus. 
Herpesviral UL52 primases include Human type 1, alphaherpesvirus (Acc# P10236), Equine 
type 1, alphaherpesvirus (Aco# M86664:7064..10301), Equine type 4, alphaherpesvirus 

30 (Acc# AF030027:6658..9900), Bovine type 1, alphaherpesvirus (Acc# 
AJ004801:4013..7237), Human type 3 = varicella-zoster virus, alphaherpesvirus (Acc# 
P09270), Pseudorabies type 1 = Suid herpesviras, alphaherpesvirus (Acc# 
X87246:1087..3963), Human type 7, betaheipesvirus (Acc# AF037218:68725..71310), 
Human type 6, betaherpesvirus (Acc# P52540), Equine type 2, betaherpesvirus (Acc# 
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S55651), Saimiriine type 2, gammaheipesviras (Acc# M86409:6378..888S), Human type 8 = 
Kaposi's herpesviras, gaminaherpesviius (Acc# U93872:79735..82266), Wildebeest type 1 = 
Alcelaphine herpesviius, gammaherpesviius (Acc# AF00S370:81823..84336), Human type 4 
= Epstein-Barr virus, gammaherpesvirus (Acc# P03193)» Human Cytomegalovirus, 
S betaherpesvirus (Acc# P17149), Mouse Cytomegalovirus, betaherpesvirus (Acc# 
L07319:3153..6047). 

Eukafyotic primase activity is typically associated witb two types of multLmeiic < 
conoplex. Primases involved in DNA replication are generally found in a complex ^th DNA 
polymerase a; these complexes typically include two primase subunits (Pril (49 kDa) and 

10 Pri2 (58 kDa)), as well as DNA polymerase a and a p70-90 subunit. Primase activity is also 
found as a heterodimer which consists of the Pril and Pri2 subunits. The active site for RNA 
polymer elongation is found in the Pril subunit, while initiation generally involves the Pri2 
' subunit. Amino acid and nucleotide sequences for several eukaryotic primase Pril subunits ' 
have been characterized, including human (Swissprot Accession No. P49642, Genbank 

15 X74330), Mus musculus (GenBank J04620), Rattus norvegicus VJD:%ll 63025, Drosophila 
meluTiogaster p50 (PID:g666989), Caenorhabditis elegans p48 (SP:P34471), Saccharomyces 
cerevisiae p48 (SP:P10363), Schizosaccharomyces pombe p53 (Acc# Z9853 1:22398 . . . 
23846), Plasmodium falciparum p53 (Acc# X99254:486 . . . 3750). Archaeobacteria having 
primases that are similar to the eukaryotic Pril include Methanococcus jannaschii (Acc# 

20 Q58249), Archaeoglobus fulgidus (Acc# AE001054:8352 . . . 9434), and Methanobacterium 
thermoautotrophicum (Acc# AE000840:7684 . . . 8655). Pri2 primases have been sequenced 
from human Acc# P49643, Mus musculus Acc# S45629, Caenorltabditis elegans (Acc# ' 
Z81137) Saccharomyces cerevisiae (Acc# P20457) and the plsoit Arabidopsis thalians (Acc# 
AC002130:39565 . . . 46348). 

25 DNA primase can be obtained for use in the present invention according to 

procedures well known to the art DNA primase can be obtained by isolation or purification 
from natural sources or can be expressed using recombinant technology. Primase can be 
expressed as a single target protein or co-expressed with other proteins. Primase can be 
expressed with or without peptide tags or fusion proteins. Primase can be isolated as a cell 

30 extract, prepared in substantially pure form as a single protein, or prepared as a protein 
complex. Numerous techniques for obtaining DNA primase proteins, including bacterial 
DNA primase proteins, have been described in the literature. Catalytically active portions or 
fragments of DNA primase can also be used in the assays of the present invention. For 
example, the catalytic domain of DNA primase from E. coli is found within amino acid 
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residues lllH - 433K, the catalytic domain for H. influenzae DNA primase is found vdtfain 
amino add residues 1 13T - 434 K, and the catalytic domain for S. pneumoniae DNA primase 
is found within amino acid residues lOSS - 4SST). 

Assays of the present invention are conducted under conditions such that the DNA 
S primase is catalyrically active. These are conditions under which the DNA primase is 
capable of polymerizing the substrate ribonucleoside triphosphates to form RNA. Such 
conditions are known to those of skill in the art A wide variety of incubation conditions can 
be used, depending on the enzyme used. Reaction conditions in which DNA primase is 
active in vitro are exemplified below and/or are otherwise known in the art. 
10 Assays of the present invention can be performed in different formats. 

In some embodiments, a high-throughput scteening (HTS) format is xised. HTS can 
be run at different temperatures, but it is in4)ortant to keep a constant temperature for the 
reaction and controls. In some embodiments, room temperature is used. 

In some embodiments, a HTS format is used and the primase reaction is carried out on 
15 a HTS assay plate in the presence of helicase. In such formats, relatively low DNA template 
concentrations are used. In assays where primase modulators are screened in a HTS format 
in the presence of helicase, hits obtained from the assay can include compounds that directly 
interact with primase and those that modulate primase activity through interactions with, 
helicase. 

20 In some embodiments of the present invention, a premix containing DNA primase, 

helicase, a DNA template, and the reaction buffer is prepared for use in HTS formats of the 
assays. It is reconamended to prepare the premix freshly for each HTS run. For short time 
storage, the premix should be placed on ice. 

In some embodiments, a HTS format is used and the primase reaction is carried out on 
25 a HTS assay plate in the absence of helicase. In such formats, relatively high DNA primer 
concentrations are used. 

In some embodiments of the present invention, non-HTS formats are used. 

In some embodiments of the present invention, the primase reaction product is 
isolated or separated from the DNA template before detection. The DNA template can be 
30 removed by many procedures known to those of skill in the art, including, but not limited to, 
electrophoresis, chromatogmphy or using enzymatic reactions. Isolation of the RNA product 
is useful for characterizing the primase reaction. 

In the assays of the present invention, the RNA is detected by using a fluorescent 
marker that binds RNA. In some embodiments, the detecting is accomplished by measuring 
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the intensity of the fluorescence generated by the interaction of the fluorescent marker and 
theRNA. 

Any fluorescent dye or marker that interacts with RNA can be used in the assays of 
the present invention. Commercially available fluorescent dyes can be found in a Molecular 
5 Ptobes catalog. For example, RiboGreen, SYBR Green II, and YO-PRO-l can be used to 
detect RNA molecules. The fluorescent reagent SYBR Green n is about 4 times more 
sensitive to RNA than DNA. In addition, the fluorescent background due to DNA can be 
subtracted firom the assay. Fluorescent signals and intensity can be detected with standard 
fluorescence readers or scanners known to tiie art The fluorescent dye or marker can be 

10 included during the ^tizymatic reaction (RNA synthesis) or it can be added after. Where the 
dye or marker is added aftex the enzymatic reaction, further incubation is not necessary. 

Assays of the present invention utilize nucleic acids as templates for the DNA 
primase. DNA primase utilizes a nucleic acid template and synthesizes a complementary 
•RNA primer. Templates of any sequence that provides a substrate to which the primase can 

15 • bind, can be used in the assays of the present invention. 

The nucleic acid template used in the primase assays of the invention can be linear or 
circular, partially or fully double-stranded DNA, depending on source, convenience, and the 
specificity of the targeted DNA primase. While in particular embodiments, the template 
material is DNA, other nucleic acids or structural analogs may be substituted so long as they 

20 provide an active substrate for the targeted DNA primase activity. The nucleic acids 
templates can be of any length sufficient to provide a substrate for the primase, a template for 
assay-detectable nascent primer(s), and that is otherwise amenable to the assay conditions 
and requirements. The nucleic acid templates can be labeled or non-labeled, modified or 
non-modified. 

25 In some embodiments, the foUowing nucleic acid templates are used: 

5'-(CT)nGCAAAGC-3' (SEQIDNOrl) 

5'-(CT)i6GCAAAGC-3' (SEQ ID NO:2) 

5'-(CT)i6ACC(CT)3.3' (SEQ ID NO:3) 

5'-(CT)i6GAAAATC-3' (SEQIDNO:4) 
30 5'-(Cr)i6GTAAAAC-3' (SEQ ID NO:5) 

5'-(CT)i6GGAAACC-3' (SEQ ID NO:6) 

5*.(CT)i6AGT(CT)3-3' (SEQ ID NO:7) 

5'-(CT)i6CCAAAGG-3' (SEQ ID NO:8) 
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In some embodiments, the nucleic acid template of SEQ ID NO:l, SEQ ID NO:2, or 
SEQ ID NO:8 is used in assays of E. coli DNA primase. 

In some embodiments, the nucleic acid template of SEQ ID NO:3 or SEQ ID NO:7 is 
used in assays of 5. aureus DNA primase. 
5 In some embodiments, the nucleic acid template of SEQ ID NO:3 is used in assays of . 

S. pneumoniae DNA primase. , 

In some emibodiments, the nucleic acid template of SEQ ID NO:2, 4, 5, or 6 is used in 
assays of H. influenzae DNA primase. 

Methods for determining templates appropriate for DNA primases are disclosed in 
10 U.S. Provisional Application 60/472,967, incorporated herein by reference. 

DNA templates can be provided for use in the assays of the present invention 
according to many methods known to the art, including chemical or enzymatic synthesis, and 
isolation from cells. 

Assays of the present invention can optionally be carried out in the presence of 
15 replisome proteins such as helicase, single strand DNA binding protein, or DNA polymerase. 
In some embodiments, helicase is included in the reaction mixture. Although DnaB 
stimulates primase activity, DnaB is not an essential component in the primase reaction. The 
fluorescence-based assay does not rely, on the presence of DnaB. In some embodiments, 
DnaB {E. coli helicase) is included in the reaction mixture to stimulate primase activity. 
20 Nucleoside triphosphates used in the assays of the present invention can be in 

modified or unmodified forms, including, but not limited to, radioactively labeled or 
fluorescence-labeled, or modified for activity or detection purposes. 

The invention is further illustrated by way of the following examples, which are 
intended to elaborate several embodiments of the invention. These examples are not intended 
25 to, nor are they to be construed to, limit the scope of the invention. It will be clear that the 
invention noiay be practiced otherwise than as particularly described herein. Numerous 
modifications and variations of the present invention are possible in view of the teachings 
herein and, therefore, are within the scope of the invention. 

. 30 EXAMPLES 

Example 1. Iluorescence-based E. cott DNA primase HTS assay in the presence of 
helicase. 

Hie reaction was carried out on a Costar 384-well black plate. The reaction volume 
was 30 pi. The final concentrations in the reaction were 50 mM Tris-HCl, pH 7.5, 10 mM 
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MgCOAch, 10 mM DTT, 25 mM potassium glutamate, 0.003 % Brij-35. 200 nM DNA, 25 
nM helicase. 75 nM E. coli DNA piimase, 200 jiM ATP and 200 GTP. To perfonn the 
HTS assay, 2 ^1 of compound / DMSO solution or aqueous DMSO solution was incubated 
with 23 pi of a reaction premix at room temperature for IS min. The reaction premix was a 
5 1.3 X concentrated reaction solution without NTPs. After the incubation, 5 pi of a substrate 
solution with 1.2 mM ATP and 1.2 mM GTP were added to initiate the reaction. The 
reaction was incubated at room temperature for 40 min. Then 25 pi of a 30 X SYBR Green n 
solution with 1.2 M NaCl was added and the fluorescence was measured (excitation at 485 
nm, emission at 535 nm). 

Example 2. Unearity with time and E. cott DNA primase concentrafion. 

10 The reaction was linear with time until the signal-to-background ratio reached 3.5 - 

4.0. Beyond that point, the free DNA concentration was too low and the reaction linearity 
was lost. Shortage of NTPs also had an effect on the reaction linearity. Under the HTS 
reaction conditions, the linear range of time was about 40 min and the signal-to-background 
ratio was about 3 (Figure 2). 

15 The linearity between fluorescence intensity and primase concentration is shown in 

Figure 3. A higher primase concentration limited the reaction linearity to a shorter period of 
time. When the primase concentration was about 25 nM or lower, the reaction signal was 
negligible within 40 min. 

Example 3. Helicase concentration dependence of J?, coli DNA primase activity. 

In the absence of helicase, primase activity was negligible at DNA concentrations of 
20 200 nM or lower. Primase activity reached a maximum when the hexameric helicase 
concentration was about 35 to about 40 nM (Figure 4). Helicase concentrations higher than 
25 - 30 nM resulted in a non-linear reaction within 40 cain. In addition, high helicase 
concentrations consumed NTPs quickly. 

Example 4. DNA and NTP concentration dependence E. coli DNA primase activity. 
DNA7 (5'-CTCTCTCTCrCIXn'CTCTCTCTCT 
25 (SEQ ID NO:l)) was used as the DNA template in the £L coli DNA primase assay. The 
primase reaction rate reached a maximum when the DNA concentration was about 300 nM. 
The apparent for DNA was 105 nM (Figure 5). Hie DNA concentration in the HTS assay 
was 200 nM. 

NTPs are not only used by primase to synthesize RNA but are also hydrolyzed by 
30 helicase. Under the HTS reaction condition, 25 nM helicase hydrolyzed NTPs at a rate of 4.8 
|iM / min. Figure 6 shows the dependence of the initial rate of the primase reaction on the 
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total NTP concentratLon. The apparent for NTP was 71 jiM. The NTP concentration in 
the HTS assay was 200 |iM. 

Example 5. M^;nesiiim concentratioii effect on E. coU DNA primase activity. 

As shown in Figure 7, the optimal magnesium chloride concentration under the HTS 
assay condition was about 10 to about IS mM. A higher magnesium concentration inhibited 
5 primase activity. 

Example 6. Salt / ionic strength effect on E. coli DNA primase activity. 

Primase activity was significantly inhibited by high salt concentrations (Hgure 8). 
For example, 50 mM NaCl or KCl inhibited approximately 50 % of primase activity. When 
the NaCl concentration was 200 inM or higher, primase activity was negligible. In the low 
10 salt concentration range, 0-5 noM NaCl, primase reactivity was stable. Salt composition 
also affected enzyme activity, as shown in Figure 9. 
Example 7. DMSO tolerance of E. coli DNA primase activity. 

Primase activity was not significantly affected by DMSO at concentrations of about 0 
to about 2 %, as shown in Figure 10. DMSO at concentrations of about 0 to about 2 % also 
15 did not interfere with the interaction between RNA and SYBR Green II. 
Example 8. pH dependence of on E. coli DNA primase activity. 

The optimal pH for primase activity was 7.5 - 8. Although the choice of buffers 
affected enzyme activity to some degree, it was observed that in general a pH higher than 8.5 
reduced enzyme activity and a pH lower than 6 virtually aboUshed it (Figure 11). 
20 £xam4[>le 9. Temperature dependence of E. coli DNA primase activity. 

The primase reaction reached a maximum rate at temperatures around 15^C (Figure 

12). 

Example 10. Enzyme stability of E. coU DNA primase. ' 

Purified primase and helicase were stable after repeated fireeze-and-thaw cycles, as 
25 shown in Figure 13. To check the stability of the premix that contained primase, helicase, 

DNA and the reaction buffer, the solution was incubated on ice or at room temperature 

(22.5®C) for different periods of time, and then the NTPs were added to start the reactions. 

The results (Figure 14) show that primase activity decreased at a rate of about 1.7 % per hour 

on ice and at a rate of about 3.5% per hour at room temperature. 
30 Example 11. HTS assay validation. 

Using a MultiMek 96 robot for addition of reagents into the Costar 384-well plates, 

window sizes ranging from 10 to 15 were obtained. The inter-plate deviation was about 3 %. 
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Example 12. IC50 of ddATP on E. coU DNA prlmase activity. 

A dideoxy NTP was used as a positive inhibitory control for the primase reaction. 
Kgure 15 shows an IC50 measurement of inhibition by ddATP. Since ddATP competes with 
NTP (ATP in this case) in the primase reaction, tiie IC50 value was dependent on the substrate 
5 (ATP) concentration. Under the HTS conditions used, the IC50 of ddATP was 10 pM. 
Example 13. Non-HTS format assay with E. coU DNA primase. 

In this format, the reaction product was isolated from the DNA template before 
detection. The primase reaction solution, with 2 |iM DNA tenq)late, was loaded onto a 
polyacrylamide gel. After electrophoresis, the gel was stained with a S YBR Gieen n solution 
10 (Figure 16). The primase product formed RNA-DNA duplex under non-denaturing 
conditions and was separated from the fiee DNA ten^)late. The primase reaction yield was 
calculated from the band intensity. 

Example 14. Measurement of DNA primase catalytic domain activity. 
Cloning of DNA primase catalytic domains 

15 Catalytic domains of DNA primase from E. coli (encoding amino acid residues lllH 

- 433K), H. influenzae (encoding amino acid residues 115T - 434 K) and 5. pneumoniae 
(encoding amino acid residues 105S - 455T) were cloned, expressed in E. coli and purified 
by ion exchange and affinity chromatographic columns. 
£. coli DNA primase catalytic domain 

20 The primase reaction mixture was composed of 10 mM Tris-HCl, pH 8.0, 100 mM 

KGlu, 10 mM Mg(OAc)i, 10 mM DTT, 0.005% Brij-35, 10 % glycerol, 2 jiM DNA 
template, 100 nM ATP, 100 pM GTP, 1 jjM E. coli primase domain. The reaction was 
carried out at room temperature for 30 min. or a time-course experiment was performed to 
observe time dependence. To det^mine the RNA level, 30 \3iX of the reaction mixture was 

25 mixed with 30 ijI of 30 x SYBR n and the fluorescence was measured, or the reaction 
nuxture (15 pi) was loaded onto a TBE gel and the gel was stained with 1 x SYBR n after 
electrophoresis. 

S. pneumoniae primase domain 

The primase reaction mixture was composed of 10 mM MBS, pH 6.5, 125 mM 
30 NH4a, 10 mM Mg(OAc)2, 10 mM CaCl2, 1 mM DTT, 0.003% Brij-35, 1 |jM DNA 
template, 200 ATP, 200 jiM GTP, 0.5 \jM S. pneumoniae primase domain. The reaction 
was carried out at room temperature for 30 noin., or a time-course experiment was performed 
to observe time dependence. To determine the RNA level, 30 pi of the reaction mixture was 
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mixed with 30 nl of 30 x SYBR n and the fluoiescencc was measured, or the reaction 
mixture (15 jil) was loaded onto a TBE gel and the gel was stained with 1 x SYBR n after 
electrophoresis. 

H. influenzae primase domain 

The primase reaction mixture was composed of 10 mM Tris-HCl, pH 7.5, 125 mM 
NHiQ, 10 mM Mg(OAc)2, 5 mM CaCh, 1 mM DTT, 0.003% Brij-35, 2 jiM DNA template, 
200 (4M ATP, 200 jiM GTP, 0.2 jiM H. influenzae primase domain. The reaction was carried 
out at room temperature for 30 min., or a time-coxirse experiment was performed to observe 
time dependence. To determine the RNA level, 30 jil of the reaction mixture was mixed with 
30 jil of 30 X SYBR n and the fluorescence was measured, or the reaction mixture (15 fil) 
was loaded onto a TBE gel and the gel was stained with 1 x SYBR U after electrophoresis. 

The foregoing examples are meant to illustrate the invention and are not to be 
construed to limit the invention in any way. Those skilled in the art will recognize 
modifications that are within the spirit and scope of the invention. 
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